Introduction
The natural heat transfer convection is a mode in which the movement of the fluid is simply the result of the difference in density between the hot and cold regions of the fluid in the presence of a gravitational field. Natural convection in confined spaces remains a very interesting topic, both for its practical applications in industry, as for the fundamental questions it raises. The natural convection in enclosures has many applications in thermal engineering, such as double glazed windows, solar panels, cooling devices for electronic instruments, cavities filled with gas around the cores of nuclear reactors; …etc. Natural convection in enclosures, also known as internal convection is well developed by Faghri et al. [1] . The need to search in this field motivated us to undertake this investigation. In the present work, we are interested in numerical simulation of laminar natural convection in a square cavity. The heat transfer by natural convection in enclosures heated by heat sources has been studied by many researchers.
The natural convection in a square cavity was numerically analyzed using a control volume approach. The calculations were performed for the laminar and turbulent flow regimes and the k   model was used for modeling turbulence for a range of Rayleigh (Ra) numbers up to 10 10 . Accurate results were obtained according to the independence of the mesh. The solution captures very well the whole flow and heat transfer phenomena, especially near the walls [2] .
A numerical study concerning the phenomenon of natural convection to laminar flow in a differentially heated square cavity filled with air is given in [3] . It has established a set of temperature reference solutions, velocities, current lines and the average Nusselt number for values of the Rayleigh number ranging from 10 3 to 10 16 . Marcatos and Pericleous have numerically studied the turbulent convection for Rayleigh numbers up 10 16 . The authors have shown correlations between the Nusselt and Rayleigh numbers [4] .
The characteristics of the velocity field and the heat transfer rate for stationary laminar flow have been investigated in a numerical study [5] . The study is performed for a wide range of Rayleigh number in the range 10 .
Ra 
The study of Prasopchingchana et al. [6] is devoted to numerically study the natural air convection in a differentially heated square cavity. The finite volume method was used in order to discretize the partial differential equations of the air flow into the cavity. The inclination angles of the square cavity giving the average Nusselt numbers are 110° for . Previous work was conducted by [7] to experimentally study a natural convection in a differentially heated square cavity for a number of A numerical study of natural convection in an enclosed square cavity has been carried out by Mitra. The constrained interpolated profile (CIP) method was used to simulate the considered natural convection [8] .
Two-Dimensional natural convection in differentially heated enclosure has been studied [9] . The purpose of this study is to investigate the effect of aspect ratio and inclination angle on flow and heat transfer.
The previous study of the authors [10] concerns the application of a commercial code, CFX-10 to simulate a natural convection of air in a square cavity.
A numerical study of natural convection in partially heated square cavity has been carried out by [11] . The authors used a numerical code (CAVITY) based on the finite difference method.
The objective of our study is to characterize the laminar natural convection in a differentially heated square cavity filled with air. The horizontal walls are subject to a zero heat flow. Also, this study consists in studying the effect of Rayleigh number that is either due to the change of the dimensions of the cavity or to the temperature difference.
Physical and mathematical model formulation

Physical model
The considered geometry is a differentially heated square cavity. This cavity is composed of two active vertical walls, maintained at temperatures ℎ and Tc with hc TT  . For the other walls, they are assumed to be adiabatic. The studied area has a length in the directions ( ) and ( ). Also, the flow in this chamber is caused by the buoyancy force resulting from the hot wall. .
-y -Momentum equation:
Numerical method
The equations governing the flow in the square cavity are discretized by the finite volume method and the SIMPLEC algorithm is adopted to solve the velocitypressure coupling problem of the air flow. Also, the TDMA (Tri-Diagonal Matrix Algorithm) is used to obtain the approximated solution and the upwind second order scheme is used to discretize the convective terms of the transport equation. In addition, a relaxation technique is applied to control the convergence iterative process which is achieved for a criterion of the maximum absolute values of normalized residuals on all computation domain . In order to obtain stable and precise solution, the effect of the mesh on the solution was performed for different numbers of nodes. The used mesh is given in Fig. 2. 
Results and discussion
The numerical results are obtained using the FLUENT computational code for an air flow in a differentially heated square cavity. They are presented as curves for the thermal and dynamic fields.
Effect of the mesh
The influence of the mesh on the numerical results was considered to obtain satisfactory solutions. The grid independence test is performed using successively sized grids 4040; 6060; 8080 and 100100 in a laminar flow for 5 10 Ra  , an increased number of nodes was necessary, so a grid number of 100100 is considered. between our results and those of Krane et al. [7] ; there is a good agreement, but for the horizontal velocity profile in the vertical plane
, there is slightly higher values for the maxima at the boundary layers.
After this comparison, we notice that the maximal difference between all these results remains less than 3%.
Results and discussion
The Studied configuration is a square cavity filled with air. The horizontal walls are kept insulated and the left vertical wall of the cavity is kept at a constant temperature Th, while its right vertical wall is maintained at temperature Tc with 
Influence of Rayleigh number due to the variation of dimensions
Rayleigh number, to be obtained by changing either the dimensions of the cavity or the temperature difference (ΔT).
Initially, we will study the effect of the Rayleigh number due to the variation of the dimensions on the thermal field, the Nusselt number and the dynamic field. a-Thermal field.
The temperature field inside the cavity for Rayleigh numbers in the range 10 3 -10 6 is shown in Fig. 9 . It is noted that for 3 10 Ra  , the isotherms of the cold wall are almost straight and parallel to the wall and near the left wall, the isotherms are therefore weakly distorted so the heat is transferred by conduction between hot and cold walls. At horizontal walls, all isotherms are vertical.
The deformation of the isotherms at the top of the cavity is observed from Ra = 10 4 ; so the heat transfer mechanism changes from conduction to convection. It is also noted that the increase in Rayleigh number results in an increase of the isothermal deformation which is more pronounced and that these isotherms become parallel to the horizontal walls. Thermal stratification on the left side of the cavity is observed and thermal boundary layers are becoming thinner than the Rayleigh increases. Natu- ral convection is more significant and the heat convection flow is transferred of the hot wall to the cold wall through the top wall. Fig. 9 shows that there is a good agreement between the obtained results and those of Barakos et al. [2] . for different Rayleigh. A significant change in the vertical component is observed with the increase in Rayleigh number; this is due to the importance of the temperature of horizontal gradients which are causing gravitational forces and which leads to a convective motion inside the cavity. Also, there is an increase in velocity from zero to a maximum and decreases until it becomes zero in the middle of the cavity. This is the area where the fluid is in upward and finally becomes zero on the axis, this area is which where the fluid is in downward movement. The average Nusselt values obtained in this study and compared with the results of the authors [3] [4] [5] are presented in Table 1 . Table 1 shows the variation of the average Nusselt according to the Rayleigh number obtained by this study and the comparison between the results of the present simulation and those of other authors [3] [4] [5] , a good agreement is observed. We also found that increasing the Rayleigh number causes an increase in the Nusselt number. for different ΔT is shown in Fig. 13 . It is noted that an increase of ΔT (increased Ra) provides increased the maximum velocity, this shows that natural convection is more significant by the thermal buoyancy. 
Conclusions
In the present work, the numerical study of the laminar natural convection inside a differentially heated square cavity filled with air to horizontal walls kept insulated was developed by the FLUENT CFD code. Numerical calculations were performed on a fine square mesh near the walls. The finite volume method was used for the discretization of the equations governing the flow in natural convection. The numerical procedure was validated by comparing the results obtained by the code with the existing results in the literature. Good agreement was observed between them.
This study was conducted according to the Rayleigh number either due to the change of the dimensions of the cavity or to the temperature difference. We could see through the thermal, dynamic fields and the Nusselt number, the influence of the Rayleigh number on the observed structures, the convective regime and the heat transfer rates. The obtained results of the simulation also show the intensification of the natural convection in the cavity which increases with the increase of the Rayleigh number.
